Here we report the cloning of zebra®sh erm and pea3 cDNAs, which are members of the PEA3 subgroup of Ets transcription factors. The expression patterns of these two genes were examined during zebra®sh embryogenesis. Maternal mRNAs of both genes are detectable and transcripts are found ubiquitously until the late blastula, in the marginal zone of gastrula stages and in the presumptive fore-and hindbrain and in the trunk region of early somite stages. Later, erm expression is observed in distinct regions of the forebrain, the mid-/hindbrain boundary, the differentiating rhombomeres, branchial arches, otic vesicles, the pectoral ®ns, the somites and the tailbud in a dynamic fashion. In contrast, pea3 is not expressed in the rhombomeres but in the Rohon±Beard neurons, the sensory lateral line placodes and the heart. q 1999 Elsevier Science Ireland Ltd. All rights reserved.
The expression patterns of erm and pea3
Ets transcription factors, found in many different organisms, are known to be involved in cancer and cell migration processes (Sharrocks et al., 1997) . Two zebra®sh Ets transcription factors were isolated by homology screening of a gastrula library (kindly provided by D. Grunwald) using a Xenopus ER81 cDNA as a probe (Mu Ènchberg and Steinbeisser, 1999) . The deduced amino acid sequences showed the highest overall similarity to the conserved ETS domain of mouse ERM (94%) and PEA3 (97%), 54 and 62%, respectively (de Launoit et al., 1997) . The pea3 cDNA showed 99% identity to that recently reported by Brown et al. (1998) .
The spatial and temporal expression of erm and pea3 was studied throughout embryogenesis from early cleavage stages using in situ hybridization (Figs. 1 and 2). Expression of both genes was already maternally detectable and con®rmed by RT-PCR analysis (data not shown). During early cleavage and blastula stages, transcripts were found uniformly in the blastomeres. The expression became restricted to the marginal zone and the shield of the embryo until the shield stage. At the tailbud stage, both mRNAs were found in the presumptive fore-and hindbrain, the trunk and around the closing blastopore. This regional expression was maintained while the ®rst somites formed. The ®rst differences in the expression of erm and pea3 appeared at the 15±17 somite stage. In addition to transcription in the eyeanlagen, forebrain, mid-/hindbrain boundary, paraxial mesoderm and the somites, pea3 was expressed in a stripe in the ventral midbrain and in individual cells in the region of the dorsal neural tube, presumably representing the Rohon±Beard neurons (Spitzer, 1984) . The erm domain at the mid-/hindbrain boundary also seemed to contain the ®rst rhombomere. At 24 h, erm transcripts were found in patches in the diencephalon, the telencephalon and the epiphysis, the eye, the mid-/hindbrain boundary, rhombomeres 1±6, around the otic vesicle, the forming pectoral ®n buds, the posterior somites, and behind a small gap without expression again in the tailbud. The double staining of erm and krox-20 (Oxtoby and Jowett, 1993) revealed erm to be expressed in the center of the rhombomeres, presumably in the radial glia. At 24 h, pea3 was expressed in the diencephalon, the telencephalon and the epiphysis, the eye, the mid-/hindbrain boundary, around the otic vesicle, the forming pectoral ®n buds, the Rohon±Beard neurons, around the anus and in the tailbud. At 34 h, the expression patterns were re®ned: erm mRNA was present in the anterior diencephalon, the anterior telencephalon, the epiphysis, the outer margin of the optic cup (retina), the branchial arches, rhombomeres 1±6, around the otic vesicle, the ectoderm and mesenchyme of the pectoral ®n buds and weakly in the tailbud. In contrast, pea3 transcripts appeared in the heart, the anterior diencephalon, the anterior telencephalon, the epiphysis, the lens epithelium (ringlike) and the Mauthner neurons (Faber and Korn, 1978) . Additional sites of expression included the branchial arches, the ear anlage, the ectoderm and mesenchyme of the pectoral ®n buds, the placodes of the lateral line organ and the migrating lateral line primordium. Expression in the presumed Rohon±Beard neurons was stronger in the tail region at this time. The tailbud showed weak expression of pea3. In addition to the recently reported expression domains of pea3 (Brown et al., 1998) , we ®nd maternal transcripts and expression in the pectoral ®n buds, lateral line placodes and the migrating primordium, Mauthner neurons and around the anus at 34 h of development.
Methods

Cloning
cDNAs were isolated by a low stringency homology screen. Hybridization was performed with 50 ng of the 2.7 kbp fragment of XlER81 (nt 271-2958; Mu Ènchberg and Steinbeisser, 1999) for 16 h at 658C in 6 £ SSC, 5 £ Denhardt's, 0.5% SDS. erm and pea3 cDNAs of 2797 nt and 1813 nt, respectively, contained the full coding sequence of 490 and 492 amino acids (accession number: erm±AF168007; pea3±AF168008).
Fish and in situ hybridization
Zebra®sh stocks were maintained as described previously ventral is to the left. Abbreviations: a, anus; ba, branchial arches; dc, diencephalon; ea, eyeanlage; ect, ectoderm; ep, epiphysis; fb, forebrain; gr, germring; le, lens epithelium; llpl, lateral line placode; lp, lens placode; mes, mesenchyme; mhb, mid-/hindbrain boundary; mllp, migrating lateral line primordium; Mn, Mauthner neurons; or, outer retina; ov, otic vesicle; pam, paraxial mesoderm; pf, pectoral ®n; RBn, Rohon±Beard neurons; rg, radial glia; rh, rhombomere; s, somites; sd, shield; sm, somitic mesoderm; tb, tailbud; tc, telencephalon; vmb, ventral midbrain. (Haffter et al., 1996) . All experiments were performed using the golden b1 strain. Whole-mount in situ hybridization was performed as previously described (Ober and Schulte-Merker, 1999) using erm, pea3 and krox-20 (Oxtoby and Jowett, 1993) cDNAs as probes.
